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Abstract. Strange quark and hadron production will be studied at the Large Hadron Collider (LHC) 
energies in order to explore the properties of both pp and heavy-ion collisions. The ALICE experiment will 
be specifically efficient in the strange sector with the identification of baryons and mesons over a wide range 
of transverse momentum. Dedicated measurements are proposed for investigating chemical equilibration 
and bulk properties. Strange particles can also help to probe kinematical regions where hard processes and 
pQCD dominate. We try to anticipate here several ALICE analyses to be performed as the first Pb-Pb 
and pp data will be available. 

PACS. 25.75.-q describing text of that key - 25.75.Dw describing text of that key 



1 Introduction 



The ALICE experiment at LHC will be a unique tool for 
understanding strange quark and hadron productions [Q. 
In relativistic heavy ion collisions, strange particles are 
used to probe the chemical equilibration of the cooling 
Quark Gluon Plasma (QGP) which can be created in 
such high energy density conditions. The extraction of 
the transverse momentum (j>t) spectra for identified par- 
ticles is interesting for distinguishing between different 
hadronization scenarios in the intermediate px range. In 
elementary hadronic collisions, strange particles can help 
characterizing the underlying event structure and defin- 
ing a reference for baryon creation. We present here some 
of the measurements which will be performed with the 
ALICE experiment both in Pb-Pb and pp collisions. 

In the second section, we discuss the chemical compo- 
sition analysis resulting from particle spectra and yields in 
Pb-Pb collisions. Particle identification (PID) capabilities 
and pt range for hyperons in ALICE arc then summarized. 
The third section is dedicated to strange baryon/meson 
ratio as a function of pr, starting with the importance 
of this measurement with respect to the validity of coales- 
cence models for A-A collisions. It is then shown that high 
(i.e. close to unity) baryon/meson ratio at intermediate pr 
were already reported in pp collisions, hence justifying the 
need for a reference measurement at LHC energies. 



a Present address: hippolyt@in2p3.fr 

b A list of all members of this Collaboration is given at the 
end of this issue. 



2 Particle yields and ratios for LHC heavy-ion 
collisions 

Excitation functions of many particle yields in heavy-ion 
collisions are currently available from the Alternating Gra- 
dient Synchrotron energies, through the Super Proton Syn- 
chrotron (SPS) ones, up to a Relativistic Heavy Ion Col- 
lider (RHIC) top energy o{y/s = 200 GeV [211311115] . More- 
over, centrality dependences were also reported and since 
smooth behaviours were observed over more than two or- 
ders of magnitude in energy, clear guidances are given on 
what these values might be for the LHC Pb-Pb collisions 
at yfs = 5.5 TeV. 

If some uncertainties remain for the extrapolations of 
the total multiplicities and specific absolute yields, the 
large success of statistical thermal models at SPS and 
RHIC should provide reliable predictions for most particle 
ratios |SB7] . In the following paragraph, we discuss observ- 
ables which, by a deviation from model predictions, may 
reveal new physics related to QGP characteristics and/or 
evolution. 



2.1 Thermal production and strangeness equilibration 

Assuming that particle production in heavy ion collisions, 
as shown previously at SPS and RHIC HjH7| is described by 
a thermal source, some statistical observables can be ex- 
trapolated up to LHC energies. Indeed, a chemical freeze- 
out temperature and a finite baryo-chemical potential in 
the statistical thermal model approach can be obtained 
at equilibrium using a constant average energy per hadron 
close to 1 GeV |Sj which approximately gives T = 165 MeV 
and Mb = 1 MeV at y/s = 5.5 TeV 0. 
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Fig. 1. Estimates of particle ratios in central Pb-Pb collisions at LHC energies for equilibrium (THERMUS |12|1 and non 
equilibrium (SHARE |13p statistical models with different assumptions related to chemical freeze-out conditions: i) for the 
equilibrium model, a chemical freeze-out temperature of T = 170 ± 5 MeV and a chemical potential fj,B = lji* MeV were 
extrapolated from RHIC thermal fits |14| : ii) for the non equilibrium model, the strangeness equilibration is reflected in the 
strange quark phase space occupancy 7 S and the image of strangeness equilibrium in the deconfined source, 7? GP = 1, results in 
an over-saturation 7J 1 = 3 — > 5 after sudden hadronization |15|. Strangeness saturation in the hadronic phase i.e. 7^ = 1 for the 
non equilibrium model is shown as a reference (open circles) and systematics comparison for the chemical freeze-out conditions 
(T = 156 MeV and — 2.6 MeV). Expected values for resonances are presented with no in-medium effects (see text). 



For what is related to the overall strange quark pro- 
duction, most of the information is contained in the Wrob- 
lewski factor PUTT] : 



(uii) + (dd) 

From RHIC to LHC energies, this factor should stay al- 
most constant and reach ~ 0.43 and ~ 0.20 for respec- 
tively Pb-Pb and pp collisions [Pi"] . 

In the same framework, many particle ratios can be 
estimated with T and [1b where it is important to recall 
that ratios including (heavy) multi-strange baryons are 
sensitive to small variations of the temperature |16|. 

However the models may consider differently the de- 
gree of strangeness equilibration in the final state, which 
can be related to the QGP cooling under several assump- 
tions. FigureHdisplays the estimates for particle ratios for 
two models. The equilibrium model (THERMUS) shown 
here assumes complete equilibrium of strangeness in the fi- 
nal (hadronic) state (7^=1) whereas for the non-equilibrium 
model (SHARE), equilibration for strange quarks in the 
QGP (7^ GP =1) can lead to an over-saturation after sud- 
den hadronization (7^=3 — > 5). These two models are 
detailed in specific documents for their implementations 
and some of their results 12 I 3lll4lll5| . 

Within errors, THERMUS ratios correspond exactly 
to the former values of T and /ib- Moreover, and as ex- 



pected for a vanishing baryo-chemical potential, all anti- 
particle to particle ratios at LHC are shown to be unity. 
This was not yet the case at RHIC energies ^7]. One 
can note that hadronic equilibrium ratios obtained with 
SHARE are similar although T differs significantly. 

For non-identical species ratios, the differences between 
THERMUS and SHARE equilibrium results (lines vs. cir- 
cles: mainly p/7r~ and Q~ /S~) can be interpreted as a 
systematical variation of the chemical temperature. On 
the contrary non-identical species ratios are very sensitive 
to the equilibrium hypothesis: significant deviations are 
observed especially where strange baryons are involved |16| . 
Particle ratios including resonances have to be taken cau- 
tiously. In-medium effects can be sizeable at the QGP 
stage (the lifetime of some resonances are of the order 
of, or even smaller than the one of the fireball) or later 
during the hadronic stage (e.g. rescattering and regenera- 
tion) JH] : these effects are not taken into account here. 

From these comparisons and assuming that contribu- 
tions from hard processes are marginal for these studies, 
the distinction between non-equilibrium and equilibrium 
scenarios should be within the reach of the ALICE exper- 
iment. Its dedicated particle identification capabilities are 
stated in the next section. 
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2.2 ALICE particle identification capabilities 

The design of the ALICE experiment is ideal for parti- 
cle identification (PID) in the soft physics sectors (px < 

2 GeV/c). Several detectors can be used for PID inde- 
pendently or simultaneously via, for instance, linear en- 
ergy loss in gas detectors or silicon sensors, ring imaging 
Cherenkov or time of flight measurements yQ. Secondary 
vertex topology identification (for strange particle e.g. K°, 
A or charged multi-strange ones e.g. E and J?) has the sig- 
nificant advantage to allow single PID over a wide range 

ofpT EH. 

For a statistics of 10 7 central Pb-Pb collisions at top 
LHC energies, the identification ranges for particle spectra 
at mid-rapidity were estimated to be 0.2-12, 0.5-11, 1-8 
and 1.5-7 GeV/c respectively for K°, A, E and f2 |19) . 
Transverse momentum spectra from pp collisions could 
be of similar ranges with a statistics of 10 9 events in one 
year of data taking j5U] . 

3 Transverse momentum ratios for LHC 
collisions 

In RHIC central heavy ion collisions, quark coalescence 
was suggested as a possible hadronization mechanism and 
explains qualitatively the mid-rapidity baryon/meson ra- 
tio at intermediate px- In pp collisions, such a hadroniza- 
tion scenario is not favoured due to the low phase space 
density in the final state. 

In the following paragraphs, we will discuss coalescence 
mechanisms and predictions for Pb-Pb collisions at LHC. 
It will be shown that i) high baryon/meson ratios were also 
measured in elementary collisions for energies respectively 
3 and 9 times the top RHIC ones; ii) a PYTHIA model [2T] 
hardly reproduces such a behaviour even with the recent 
multiple parton interaction mechanisms and latest parton 
distribution functions (with higher gluon density at low 
Q 2 )- 

3.1 Coalescence and baryon enhancement at 
intermediate transverse momentum 

The intermediate px region can be defined between a soft 
domain, reproduced quite accurately by hydrodynamics, 
and an upper limit where the fragmentation of energetic 
partons dominates hadro-production. Constituent quark 
coalescence was suggested to be a hadronization mode in 
this region for describing hadron yields and spectra at 
RHIC by several models P2ll23ll24| with the possible inclu- 
sion of recombination between bulk and mini-jet quarks. 
Being a multi-parton process, recombination is closely re- 
lated to the high phase space density available in heavy- 
ion collisions but obviously disfavoured in pp reactions. 

Besides the magnitude of the elliptic flow, one major 
success of this picture is the description of the baryon over 
meson ratios as a function of px- At RHIC, it was quite 
surprising to see a kinematical region where the produc- 
tion of baryons exceeds the one of mesons with a similar 



flavour content 25,26 . From simple (constituent) quark 
counting considerations, the interplay of coalescence and 
fragmentation appears to explain the magnitude and al- 
most the observed turnover of the p/7r~ and the A/K'g 
ratios [25]. 

For LHC energies, the turnover in the p/7r° ratio was 
predicted to change slightly from px = 3 GeV/c to ~ 
4 GeV/c with uncertainties associated to the evolution of 
the transverse radial flow velocity \'27\. 

3.2 Baryon over meson ratios in elementary collisions 

For pp collisions at RHIC (y/s = 200 GeV), the A/K° s 
ratio was also measured. A value of ~ 0.6 was obtained 
which is approximately one third of the value for central 
heavy- ion collisions |28| . 

However, the UA1 and CDF Collaborations measured 
the (A + A) and Kg spectra at mid-rapidity in minimum 
bias p + p collisions at the higher energies of respectively 

= 630_GeV rjHj and 1800 GeV 30 . If one computes 
the (A + Aj/K'g ratio from the fit parameterizations they 
reported, the observed magnitude is closer to the RHIC 
heavy-ion one, although coalescence mechanisms arc diffi- 
cult to invoke here. These ratios are shown in Fig. [21 

3.3 PYTHIA simulations and extrapolations 

Since the coalescence mechanism originates from the hy- 
pothesis of multi-parton processes, it sounds legitimate to 
investigate this path for LHC pp collisions at the top en- 
ergy of y/s = 14 TeV. The PYTHIA model offers such a 
possibility to include multiple parton interactions |31j. 

The first difficulty is the extrapolation from Tevatron 
to LHC energies. The PYTHIA configuration 1 is pro- 
posed by the ATLAS Collaboration 22j and based on the 
CTEQ5 parton density functions (PDF) gSj, PYTHIA 
version 6.2 and Tevatron Rick Field's tune A [12]. It is 
compared here to the configuration 2 set by the "Les Houches 
Working Group" (LHWG) [SSI- 

Major modifications were performed from the version 
6.2 to 6.3 of PYTHIA. One of these is the new treatment 
of multiple parton interactions which is supposed to lead 
to a better underlying event description . The LHWG 
based their extrapolation on this latest implementation 
and the CTEQ6 PDF which has a higher gluon density 
function at low Q 2 than CTEQ5 |35|. It is worth men- 
tioning that for these simulations, anti-particle to particle 
ratios such as p/p and A/ A were checked to be flat in the 
Pt range presented in Figure[2] Therefore no hard scatter- 
ing effects from valence quarks are hidden in the addition 
of the A and the A spectra. This sum was only performed 
here for having a better statistics and for consistency with 
UAl and CDF data discussed in section l3~2l 

The (A+A) /K° ratios obtained for both configurations 
and 1 M minimum bias pp collisions at -y/s = 14 TeV are 
displayed on Figure fJl together with UAl and CDF data. 
For the configuration 1, the ratio increases up to px = 
4 GeV/c and then flattens at ~ 0.4. In the configuration 
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Fig. 2. Baryon over meson transverse momentum ratios for single strange particles (A+A)/K° at mid-rapidity for minimum bias 
elementary collisions. For p+p results at <Js = 630 GeV (UA1 Collaboration) and yfs = 1800 GeV (CDF Collaboration) |3U). 
the measured ratios are presented as areas where the published fit parameterizations were used for the spectra (allowing 1-cr 
error for each parameter). Ratios extracted from PYTHIA simulations are shown for 1M simulated p + p minimum bias events 
at LHC top energies i.e. y/s = 14 TeV. Errors are statistical only. Further details and references for these simulations can be 
found in the text. 



2, a clear increase is observed, reaching ~ 0.7 at pr — 
4 GeV/c and showing that the cumulated effects of the 
higher gluon density at low Q 2 and the multiple parton 
interactions give qualitatively the expected behaviour. 



4 Conclusion 

Particle yields and transverse momentum spectra or ra- 
tios including the strange flavor will be part of the first 
ALICE results. These measurements will benefit from the 
particle identification capability of the experiment in the 
soft sector up to the limit where the fragmentation of en- 
ergetic partons dominates hadro-production. We expect 
that discrimination between non-equilibrium and equilib- 
rium scenarios in heavy-ion collisions will be possible and 
that a better characterization of baryon production in pp 
collisions will help defining the underlying event structure. 
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